Intragastric inoculation of Klebsiella pneumoniae can cause invasive diseases, including necrosis of liver tissues and bacteremia. The effect of concanavalin A (ConA) on K. pneumoniae was tested. Pretreatment with ConA was able to protect mice from K. pneumoniae infection in an intragastric model. K. pneumoniae-induced mouse death and liver injury such as liver necrosis, as well as blood levels of aspartate aminotransferase and alanine aminotransferase, were inhibited in a dose-dependent manner by ConA. ConA administered intravenously as late as 24 h after K. pneumoniae inoculation was still protective. In an in vitro assay, ConA was able to bind K. pneumoniae cells directly and further agglutinate them but had no effect on their in vitro growth. Surveys of bacterial counts of ConA-treated mice revealed that the bacteria were eliminated effectively in both blood and liver tissues. Furthermore, the bactericidal activity of macrophages against K. pneumoniae was also enhanced in a dose-dependent manner by ConA in an in vitro culture. These data suggest that ConA is a potentially therapeutic agent for K. pneumoniae-induced liver infection.
Klebsiella pneumoniae is an important nosocomial pathogen that causes severe diseases such as septicemia, pneumonia, and urinary tract infection in immunocompromised individuals (30) . In the past two decades, community-acquired infection by invasive K. pneumoniae has emerged in Taiwan that is characterized by primary liver abscess with sepsis and bacteremia (5, 6, 12, 14, 20, 21, 36) , and about 10% to 12% of patients develop complications of metastatic meningitis and endophthalmitis (6, 12, 14) . Diabetes mellitus is regarded as an important risk factor for patients with K. pneumoniae liver abscess (5, 12, 14, 20, 21, 36) , but individuals displaying no apparent underlying diseases are also attacked by the invasive strains (6, 12) . Despite intensive care that includes pigtail catheter drainage and antimicrobial therapy, the mortality rate has remained at 10% to 30%, especially for patients with metastatic complications (11, 19) . K. pneumoniae-induced primary liver abscess has also been reported in other countries, including the United States (22) , Europe (3), and Japan (29) .
Although the mechanism of K. pneumoniae-induced primary liver abscess is not clearly understood, epidemiological analysis indicates that the transmission of K. pneumoniae is through the fecal-oral route, and these invasive bacteria may reach the liver through the portal vein and cause liver abscess (5) . Several genetic loci such as the cps cluster (2), wb cluster (25) , rmpA (1) , htrA (8) , and magA (7, 12) have been identified as virulence genes of K. pneumoniae. Most clinical K. pneumoniae isolates from liver abscess patients express K1 capsular polysaccharide (7, 14) and MagA outer membrane protein (7, 12) , which are the two virulence factors that offer bacterial resistance to serum and phagocyte killing (12) .
Concanavalin A (ConA), a lectin derived from the seeds of jack beans (Canavalia ensiformis), exhibits broad biological activity by interaction with its sugar binding site, ␣-linked mannose (23) . The well-known activities of ConA include mitogenic activation of T cells (10) , induction of T-cell-mediated hepatitis (35) , and inhibition of tumor growth (26) . In the present study, the effect of ConA on K. pneumoniae infection was evaluated. Using an intragastric infection model, which mimics the clinical infection route, we found that a nonhepatotoxic dose of ConA was able to inhibit K. pneumoniae-induced liver injury and bacteremia by decreasing the bacterial burden in the liver.
MATERIALS AND METHODS
Mice. C57BL/6 (B6) mice were purchased from The Jackson Laboratory, Bar Harbor, Maine, or from Charles River Japan, Inc. (Atsugi, Japan). They were maintained on standard laboratory chow and water ad libitum in the animal center of National Cheng Kung University. The animals were raised and cared for in accordance with guidelines established by the National Science Council of the Republic of China. Eight-to 10-week-old male mice were used in all experiments.
Bacterium. K. pneumoniae NK-5, isolated from a patient with primary liver abscess and septicemia at the National Cheng Kung University Hospital, was resistant to serum killing, and its 100% lethal dose (LD 100 ) by intraperitoneal injection in B6 mice was 50 K. pneumoniae cells. K. pneumoniae was cultured in tryptic soy broth (TSB) (Difco Laboratories, Detroit, MI) for 18 h at 37°C and then subcultured in fresh broth (1:50 [vol/vol]) for another 3 h. The concentration of bacteria was determined with a spectrophotometer (Beckman Instruments, Somerset, NJ), with an optical density at 600 nm of 1 being equal to 2.8 ϫ 10 8 CFU/ml. ConA. ConA (type V) (Sigma Chemical Co., St. Louis, MO) was dissolved in distilled water (10 mg/ml) and stored at Ϫ20°C as a stock. In this study, ConA was diluted with phosphate-buffered saline (PBS) (100 g/ml) immediately before intravenous injection.
Force-feeding model of infection.
For the induction of liver abscess, groups of 6 to 14 mice were given 0.2 ml of a solution of 0.2 M NaHCO 3 orally, through a sterile gastric gavage, to neutralize acidity (24) . Through the same route, 2 ϫ 10 8 K. pneumoniae cells in 0.2 ml of sterile PBS were administered immediately after the bicarbonate treatment. The LD 100 by intragastric administration in B6 mice was 2.5 ϫ 10 8 K. pneumoniae cells. The animals were observed every day for a total of 9 days. In ConA inhibition experiments, the mice were given an intravenous injection of ConA (approximately 0.1 to 2 mg/kg of body weight) 2 h before K. pneumoniae infection followed by intravenous injection of ConA (approximately 0.1 to 2 mg/kg) every 2 or 3 days until day 4 postinfection. In ConA therapeutic experiments, ConA (1 or 2 mg/kg) was given intravenously at day 1 and day 3 post-K. pneumoniae infection. Survival curves were then determined.
In some ConA inhibition experiments, groups of six to seven B6 mice were inoculated intragastrically with 2 ϫ 10 8 K. pneumoniae NK-5 cells per mouse. ConA (1 mg/kg) was administrated intravenously 2 h before infection followed by ConA treatment at day 3 postinfection. At different times after infection, mouse serum samples were collected, and the livers were removed, fixed in 3.7% formaldehyde, and embedded in paraffin. The 5-m-thick tissues were sliced and stained with hematoxylin and eosin. The degree of liver inflammation was determined by a blinded histopathology score. Three different sections of the largest liver lobule of each mouse were examined. A score of 1 indicates that the number of microabscesses on each liver section was less than 5 and that no necrosis region was found. A score of 2 indicates that the number of microabscesses on each liver section was more than 5 and less than 15 and that no necrosis region was found. A score of 3 indicates that the number of microabscesses on each liver section was more than 15 and less than 25 and that no necrosis region was found. A score of 4 indicates that the number of microabscesses on each liver section was more than 25 and that no necrosis region was found. A score of 5 indicates that the number of microabscesses on each liver section was more than 25 and that necrosis regions were found. The average score for each group was generated by examination of liver sections from six mice. In another ConA inhibition experiment, heparin-containing blood or liver, which was homogenized in PBS, was aseptically collected and serial diluted, poured (0.1 ml) into LB agar plates, and incubated at 37°C overnight. The number of CFU of K. pneumoniae was then quantitated and expressed as the mean Ϯ standard deviation. The minimum dilution in this assay was 100ϫ; hence, the limit of detection was 1,000 CFU per g or ml.
Determining aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels in serum samples. Mouse serum samples were collected, and the concentrations of AST and ALT were determined using GOT-JS and GPT-JS kits (Denka Seiken Co., Ltd., Niigata, Japan), respectively, and were then detected using an automated biochemical analyzer (model TBA-200FR; Toshiba Co., Tokyo, Japan) (17) .
Bacterial growth curves. K. pneumoniae NK-5 was cultured in TSB at 37°C overnight, and then the bacterial suspension was subcultured (1:50 [vol/vol]) in fresh TSB for another 12 h. At the time of subculture, different concentrations of ConA were added to the bacterial suspension, and the growth of bacteria at different times was determined with a spectrophotometer by measuring the absorbance at 600 nm. For exact quantification of bacteria, bacterial suspensions collected at different times were plated on LB agar and incubated for 24 h at 37°C. The results of one of three experiments are reported.
ConA binding assay. K. pneumoniae cells (5 ϫ 10 7 /ml) were coincubated with 5, 10, or 20 g/ml of ConA or fluorescein-conjugated ConA (Vector, Burlingame, CA) for 30 min at 37°C. The capacity of ConA or ConA-fluorescein isothiocyanate binding to cells was determined by flow cytometric analysis (BD Biosciences, San Jose, CA).
Immunohistochemistry. Groups of three to four mice were killed by perfusion via cardiac puncture with PBS. The livers were removed and embedded in OCT compound (Miles Inc., Elkhart, IN) and were then frozen in liquid nitrogen. Cryosections (4 m) were made and were fixed with 3.7% formaldehyde-PBS for 3 min. They were then stained with a primary rat anti-mouse F4/80 monoclonal antibody (MCA497GA; Serotec, Toronto, Ontario, Canada) or a rat anti-mouse neutrophil monoclonal antibody, which was collected from the culture supernatant of hybridoma RB6-8C5 (9). The secondary antibody was peroxidase-conjugated donkey anti-rat immunoglobulin G (Jackson ImmunoResearch Laboratories Inc., West Grove, PA). A peroxidase stain with a reddish-brown color was developed with an aminoethyl carbazole substrate kit (Zymed Laboratories, San Francisco, CA).
Assay for serum ConA. To detect ConA pharmacokinetics, groups of four B6 mice were given an intravenous injection of ConA (1 mg or 2 mg/kg). At different times (0 min, 10 min, 1 h, 6 h, or 24 h) after ConA injection, mouse serum samples were collected and detected by the enzyme-linked immunosorbent assay (ELISA) method as follows. The wells of the ELISA plate were precoated with goat anti-ConA polyclonal antibody (Vector, Burlingame, CA) (2 g/well) and were then blocked with 3% bovine serum albumin (Sigma). Thereafter, ConA standard solutions (approximately 0.8 to 51.2 g/ml) and mouse serum samples were added and incubated at room temperature for 2 h. Mannose-biotin (GlycoTech Co., Gaithersburg, MD) (1 g/well) was then added, and the mixture was incubated for another 2 h at room temperature. Finally, peroxidase-conjugated streptavidin (R&D Systems, Inc., Minneapolis, MN) was added and the mixture was incubated for 30 min. A peroxidase reaction was developed with a tetramethyl benzidine substrate kit (Zymed Laboratories), and absorbance values were read by use of a Multiskan Ex ELISA reader (Thermo Electron Co., Waltham, MA) at 450 nm.
The bactericidal assay of macrophage. RAW264.7 macrophage cells were grown in Dulbecco's modified Eagle's medium (Gibco, Grand Island, NY) containing 10% fetal bovine serum at 37°C. RAW264.7 cells (4 ϫ 10 5 cells/well) in 24-well culture plates were pretreated with different concentrations of ConA (1, 5, or 25 g/ml) at 37°C for 1 h, and the cells were then cocultured with K. pneumoniae cells at a ratio of 15:1 (bacteria to RAW264.7 cells). The plates were centrifuged for 5 min at 500 ϫ g to enhance and synchronize infection. The cells were incubated for 2 h at 37°C to permit phagocytosis, and the free bacteria were removed by three washes with sterile PBS. Dulbecco's modified Eagle's medium containing 10% fetal bovine serum and 25 g/ml of gentamicin was added, and the mixture was further incubated for another 1 h or 3 h at 37°C (34) . After several washes with PBS, 0.2 ml of sterile distilled water was added to lyse the cells of each well, and the mixture in each well was then serial diluted, poured in LB agar plates, and incubated at 37°C overnight. The number of CFU of K. pneumoniae was then quantitated and expressed as the mean Ϯ standard deviation.
Statistics. The statistical analysis was done using Prism 3.0 software (GraphPad Software, San Diego, CA). For the mouse model, survival curves were compared for significance using the Mantel-Haenszel log rank test. Tests for significance of differences between treatment groups were determined using the t test. Statistical significance was set at P Ͻ 0.05.
RESULTS

Inhibition of K. pneumoniae-induced death by ConA.
ConA is known to induce acute hepatitis in mice. As the dose has to be higher than 5 mg/kg of body weight, we choose a nonhepatotoxic dose (Ͻ3 mg/kg) of ConA (35, 37) to examine its effect on K. pneumoniae-induced mouse death. Without treatment, 90% of the mice would die within 5 days after intragastric inoculation of 2 ϫ 10 8 K. pneumoniae cells (the LD 90 for mice). In contrast, intravenous pretreatment with ConA 2 h before inoculation and a second ConA treatment at day 3 thereafter inhibited the K. pneumoniae induced death in a dose-dependent manner: 0.5 mg of ConA/kg resulted in 33% survival (2 of 6 mice) whereas 1 mg/kg resulted in 55% survival (6 of 11). However, 2 mg of ConA/kg resulted in a protective effect similar to that seen with 1 mg/kg of ConA (Fig. 1A) . Although 0.1 mg of ConA/kg seemed to increase the mortality rate, no statistically significant differences were observed compared with the results seen with K. pneumoniae-infected group (Fig.  1A) . The histological examination showed that liver tissue had massive necrosis of hepatocytes and microabscess formation at day 3 and day 5 after K. pneumoniae infection (Fig. 2C and D) . ConA treatment significantly inhibited necrosis of the liver tissue, although some liver abscesses still existed ( Fig. 2G and  H) . The degree of inflammation in liver tissues was quantitated by histological examination and is shown in Fig. 2I .
In addition to the first treatment with ConA 2 h before inoculation, increasing the total dose of ConA treatment after K. pneumoniae infection also enhanced mouse survival. As shown in Fig. 1B , intravenous injection of 1 mg of ConA/kg every 2 days until day 4 postinfection resulted in 67% survival (four of six mice) whereas 2 mg/kg resulted in 83% survival (five of six). In contrast, intravenous injection of 2 mg of ConA/kg daily for three successive days postinfection worsened mouse survival (data not shown). Furthermore, there was a therapeutic effect of ConA on K. pneumoniae infection. Intravenous administration of 1 mg and 2 mg of ConA/kg at day 1 and day 3 after K. pneumoniae infection still protected 38% (5 of 13) and 50% (3 of 6) of mice from death, respectively (Fig. 1C) . These results indicate that ConA could inhibit K. pneumoniae-induced death in this force-feeding infection model.
ConA decreases the bacterial burden and inhibits liver damage. The bacterial counts in the liver and blood were quantitated further. After intragastric inoculation of 2 ϫ 10 8 K. pneumoniae cells (the LD 90 for mice), bacteria were found in livers at day 1, with the amount peaking at day 3 and decreasing by day 5 after infection. The bacteremia began at day 1 and subsequently gradually decreased (Table 1 ). In contrast, the ConA treatment significantly decreased the bacterial load at day 1 and day 3 in both liver and blood (1,000ϫ difference compared to nontreated control results) ( Table 1) . K. pneumoniae was gradually cleared after day 5 (data not shown). Furthermore, the liver functions were also impaired, as shown by increased serum AST and ALT levels after K. pneumoniae infection (Fig. 3) , but no such elevated AST and ALT levels were found in ConA-treated mice. Intravenous injection of ConA (1 mg/kg) alone resulted in no effects on naive B6 mice (Fig. 3) . These results suggest that a subhepatotoxic dose of Various doses of ConA were administrated intravenously 2 h before infection followed by ConA treatment at day 3 postinfection. ConA alone at 2 mg/kg of body weight had no effect on mice. Survival curves were compared for significance using the Mantel-Haenszel log rank test of NK-5 plus ConA (1 mg/kg) treatment versus the NK-5 group (P ϭ 0.007) and NK-5 plus ConA (2 mg/kg) treatment versus the NK-5 group (P ϭ 0.033). (B) Increasing the frequency of ConA treatment after K. pneumoniae infection inhibits mouse death. Groups of six B6 mice were inoculated intragastrically with 2 ϫ 10 8 K. pneumoniae NK-5 cells per mouse. Various doses of ConA were administrated intravenously 2 h before infection followed by ConA treatment every 2 days until day 4 postinfection. Survival curves were compared for significance using the Mantel-Haenszel log rank test of NK-5 plus ConA (1 mg/kg) treatment versus the NK-5 group (P ϭ 0.0196) and NK-5 plus ConA (2 mg/kg) treatment versus the NK-5 group (P ϭ 0.028). (C) Therapeutic effect of ConA against K. pneumoniae NK-5 infection in B6 mice. Groups of 6 to 13 B6 mice were inoculated intragastrically with 2 ϫ 10 8 K. pneumoniae NK-5 cells per mouse. ConA (1 mg or 2 mg/kg) was administrated intravenously at day 1 and day 3 postinfection. Survival curves were compared for significance using the Mantel-Haenszel log rank test of NK-5 plus ConA (2 mg/kg) treatment versus the NK-5 group (P ϭ 0.0451). Figure 2I indicates the degree of liver inflammation as determined by histological examination as described in Materials and Methods.
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ConA could decrease the bacterial burden and liver impairment in K. pneumoniae-infected mice.
In vitro effect of ConA on K. pneumoniae. ConA had no direct antimicrobial activity with respect to growth of K. pneumoniae in an in vitro TSB culture (Fig. 4A) . However, fluorescein-conjugated ConA (approximately 5 to 20 g/ml) could bind K. pneumoniae cells in a dose-dependent manner according to flow cytometric analysis (data not shown), and the binding of fluorescein isothiocyanate-ConA (20 g/ml) to K. pneumoniae cells was inhibited by unlabeled ConA (Fig. 4B) . Moreover, ConA (20 g/ml) was able to agglutinate 5% of K. pneumoniae cells in an in vitro culture (Fig. 4C) based on forward scatter analysis of flow cytometry, indicating that ConA could bind and agglutinate K. pneumoniae cells directly but could not affect their growth.
Immunomodulatory effect of ConA. As shown above, the presence of ConA decreased the bacterial burden in the liver and resulted in an increased number of inflammatory cells within liver abscesses by day 3 postinfection (Table 1 and Fig.  2) . The infiltrating cells in liver tissues were identified by immunohistochemistry. F4/80 and RB6-8C5 monoclonal antibodies were used to detect pan-macrophages (33) and neutrophils (9) , respectively. In addition to F4/80-positive cells, there were few infiltrated neutrophils in the liver at day 1 postinfection irrespective of ConA treatment (data not shown). In contrast, more F4/80-positive cells and infiltrated neutrophils were found in liver abscess foci of the ConA-treated mice than in those of the PBS-treated group at day 3 (data not shown) and day 5 post-K. pneumoniae infection (Fig. 5D and H versus Fig.  5C and G), indicating that ConA likely inhibited K. pneumoniae infection through increasing the interaction of macrophages and neutrophils in the liver.
After intravenous administration of 2 mg of ConA/kg into B6 mice, the total ConA concentration in the serum declined from 40 Ϯ 2.4 to 2 Ϯ 0.6 g per ml within 10 min, as measured by the ELISA detection method, and the serum ConA amount could not be detected thereafter. In contrast, ConA bound rapidly to liver tissues, such as endothelial cells and Kupffer cells (liver macrophages), but not to spleen, kidney, and brain tissues at 10 min after ConA injection, according to the results of immunohistochemistry with anti-ConA antibody, and the ConA signal on liver tissues continued to be present until 1 h post-ConA treatment (data not shown). To further examine the effect of ConA on macrophage killing, a mouse macrophage cell line, RAW264.7, was used for an in vitro assay. As shown in Fig. 6 , pretreatment of ConA increased the bactericidal activity of macrophages against K. pneumoniae in a dosedependent manner, indicating that ConA effectively enhanced macrophage killing activity.
DISCUSSION
Primary K. pneumoniae liver abscess has emerged in Taiwan, where over 900 cases have been reported over the last two decades (5, 6, 12, 14, 20, 21, 36) . Its complications are associated with a high mortality rate, especially for metastatic meningitis (11, 19) . Currently, the isolated K. pneumoniae strains responsible for liver abscesses are uniformly susceptible to cephalosporins and aminoglycosides (36) but constitutively resistant to amoxicillin and ampicillin (4). However, inappropriate use of antibiotics will lead to the emergence of multiresistant K. pneumoniae, so another anti-K. pneumoniae agent needs to be considered. In this study, we demonstrate that ConA, a nonantibiotic agent, can inhibit K. pneumoniae infection by enhancing the bactericidal activity of phagocytes, which effectively reduces the bacterial burden in the liver.
The most likely infection route of K. pneumoniae-induced liver abscess is through the gastrointestinal tract, and these invasive bacteria approach the liver via the portal vein (5). Kupffer cells, residing within the lumen of the liver sinusoids, constitute the first macrophage population to contact bacteria derived from the gastrointestinal tract in the periportal area. Several reports demonstrate that adherence of microorganisms to Kupffer cell surface receptors such as lectins, macrophage scavenger receptors, and Toll-like receptors plays a significant role in activation of Kupffer cells and further bacterial clearance (16) . In this study, we found that ConA decreased the burden of K. pneumoniae in both the liver and blood as early as 24 h after infection (Table 1) ; however, at this early stage, no significant neutrophil infiltration was found in the liver after ConA treatment (data not shown). This indicates that Kupffer cells may play an important role in the early bacterial clearance by ConA. Based on pharmacokinetic and immunohistochemistry assays (data not shown), we found that most of ConA bound rapidly to liver endothelial cells and Kupffer cells within 10 min after intravenous injection of ConA. Moreover, ConA was able to enhance macrophage killing against K. pneumoniae in a dose-dependent manner (Fig. 6) . These results further emphasize the role of liver macrophages in decreasing the bacterial burden by ConA after K. pneumoniae infection. Intravenous treatment of ConA increased the staining of F4/80 in the liver starting from day 1 postinfection (data not shown), and this staining level was sustained until day 5 (Fig.  5D) , suggesting that activated macrophages may be recruited into the liver post-ConA treatment, thereby eliminating bacteria effectively in the liver. Moresco et al. reported that intraperitoneal pretreatment with a high dose of ConA in a Candida albicans infection model increased the number of peritoneal macrophages after infection with C. albicans (27) . The phagocytic and candidacidal activities of the macrophages were enhanced by ConA through induction of gamma interferon via Th1 responses (13, 18, 31) .
Kupffer cells are regarded as the first macrophage population to take up bacteria in the liver; however, they usually coordinate with infiltrating neutrophils to eliminate bacteria in systemic infection. Bactericidal neutrophils accumulate at the Kupffer cell surface through the activity of complementary adhesion molecules (i.e., CD11b/CD18 and CD54) and then internalize and kill the bacteria bound extracellularly to Kupffer cells. Thereafter, apoptotic neutrophils sequestered in the liver sinusoids are ingested and destroyed quickly by Kupffer cells, suppressing the release of toxic metabolic products and degradative enzymes and further reducing liver injury (16) . In ConA-treated mice, additional activated macrophages, but not infiltrating neutrophils, were found at day 1 postinfection (data not shown); however, at day 3 (data not shown) and day 5 ( Fig. 5D and H) postinfection, additional activated macrophages and infiltrating neutrophils concentrated together on the abscess foci. These results divide ConA-mediated bacterial clearance into two stages; the early stage is macrophage dependent, and the late stage is mediated by the interaction of activated macrophages and infiltrating neutrophils, leading to decreasing liver injury. ConA pretreatment reduced the bacterial count in the liver (Table 1) . In this study, ConA was found to directly bind and partially agglutinate K. pneumoniae cells in an in vitro culture ( Fig. 4B and C) . It is also possible that ConA might play the partial role of enhancing the activity of phagocytes through lectinophagocytosis, which is mediated by specific recognition between phagocytes and their targets through the interaction of carbohydrate-binding proteins (28) . Several lectins, including ConA, Glycine max lectin, and Arachis hypogea lectin, have been demonstrated to enhance hepatic clearance and killing of C. albicans in isolated perfused mouse livers (32) . From both our own observations and the results of the research of another group, we note that following intravenous injection of ConA into mice, the concentration of ConA in mouse livers reaches a peak at 30 min postinjection (15) . Our study adopted multiinjection administration of ConA to treat K. pneumoniae-infected mice; given the resulting increased potential for lectinophagocytosis, we suggest that ConA may act as a bridge between the phagocyte and the bacterium itself, partially enhancing bacterial clearance by phagocytes.
Different doses of ConA are found to result in differential effects on liver damage. Intravenous treatment with a high dose of ConA (Ͼ15 mg/kg of body weight) induces T-celldependent hepatitis (35) , while intravenous pretreatment with a low, nonhepatotoxic dose of ConA (3 mg/kg) induces a high level of interleukin-6 to prevent liver damage induced by the high dose of ConA (15 mg/kg) (37) . In our study, pretreatment with a nonhepatotoxic dose of ConA inhibited K. pneumoniaeinduced production of tumor necrosis factor alpha, interleukin-6, and gamma interferon at the early (day 1) but not the late (day 5) stage, as indicated by immunohistochemical staining (unpublished observation). Moreover, a nonhepatotoxic low dose of ConA has been found to preferentially activate natural killer cells to induce an antitumor effect against metastatic liver tumor (26) . Furthermore, the CD4 T cell is regarded as the mediator in the enhancement by ConA of phagocytic and candidacidal activities of macrophages (13, 18, 31) . These factors, including the roles of natural killer cells, CD4 T cells, and the differential expression of cytokines involved in ConA-mediated inhibition of K. pneumoniae infection, need further examination.
In this study, we established a K. pneumoniae-induced liver abscess model through an intragastric infection route. In addition to liver abscess formation, the mice developed meningitis beginning on day 3 postinfection (unpublished observation). Using this infection model, ConA has been shown to be a potential agent in decreasing the burden of K. pneumoniae in the liver. In our results, we found that 2 mg of ConA/kg of body weight, administered every 2 days until day 4 postinfection, resulted in 83% survival (Fig. 1B) . However, intravenous treatment with ConA (2 mg/kg) daily for 3 days continuously postinfection worsened the mouse survival, a result which may have been due to the liver toxicity caused by the total dose of 8 mg of ConA/kg in each mouse (data not shown). Based on the results shown in Fig. 1 , we consider that the first 2 days postinfection are the critical time for ConA treatment. If the bacterial load in the liver is limited efficiently in the first 2 days after ConA treatment, then the bacteremia is inhibited further and the survival of mice is increased. Although the higher dose (Ͼ5 mg/kg) of ConA represents a hepatotoxin (35, 37) , the low dose of ConA seems to be an activator of innate immunity and could then enhance macrophage killing of K. pneumoniae (Fig.  6 ) and also activate natural killer cells (26) . Thus, a combination of a nonhepatotoxic dose of ConA with other antimicrobial agents may be a more efficient method to inhibit K. pneumoniae infection.
